Introduction
The formation of low-mass stars and their circumstellar disks is one of the most interesting themes in modern astronomy, because it is closely related to the origin of our solar system. Especially, it is important to study young stellar objects (YSOs) in the course of evolution from the protostar stage to the early T Tauri stage, because central stars and circumstellar disks grow by accretion of matter and their final masses are determined -3 -in these stages. The spectral energy distribution (SED) is one of good indicators of the evolution of YSOs. The SED classification divides the protostar stage into two stages of class 0 and class I. The youngest class 0 object shows a cold black-body like spectrum with its peak near λ ∼ 150-200 µm. The object is deeply embedded in the surrounding core and envelope, and is considered to be in an active accretion phase. The next class I object shows a warmer spectrum which rises beyond 2 µm, and is probably in a late accretion phase. After these stages, the core and the infalling envelope disperse, and an optically visible classical T Tauri star (class II object) appears.
Recently, a millimeter continuum survey of protostars and classical T Tauri stars with a high angular resolution was performed by Looney et al. (2000) . They revealed that protostars (class 0 and class I objects) show the dust emission dominated by circumstellar envelopes, whose radii are thousands AU, with the weak residual emission at small scales.
On the contrary, emission associated with classical T Tauri stars (class II objects) mainly comes from compact disks whose radii are a few × 100 AU with the weak extended emission.
These results are very important to investigate both the dissipation of the envelopes and the formation of the disks in the envelopes. However, such observations toward protostars or T Tauri stars have been made only for luminous objects, and are still insufficient. This paper reports the results of high resolution imaging of the class I object Haro 6-5B using the Nobeyama Millimeter Array (NMA). Haro 6-5B is a member of the FS Tau system in the Taurus Molecular Cloud, whose distance is estimated to be 140 pc (Elias 1978) . Haro 6-5B was discovered by Mundt et al. (1984) as a Harbig-Haro object (HH157) located at the apex of the cone-like reflection nebulosity extending to the northeast, and the bipolar optical jet extends at P.A.= 54
• (Mundt, Brugel, & Bührke 1987) . In addition,
Haro 6-5B has a strong optical polarization (∼ 9%) oriented at P.A. = 147 ± 7 • , which is perpendicular to the jet (Gledhill, Warren-Smith, & Scarrot 1986) . Recently, high angular -4 -resolution images at visible and near-infrared (NIR) wavelengths taken by the Hubble Space Telescope (HST) revealed a dark lane, which probably corresponds to a dust disk around Haro 6-5B (Krist et al. 1998; Padgett et al. 1999) . The disk radius and inclination angle derived from the HST images are 250-300 AU and 70-80
Millimeter observations made by Osterloh and Beckwith (1995) and Reipurth et al. (1993) with single dish telescopes detected strong continuum emission toward Haro 6-5B, also suggesting that the circumstellar matter exists around this young star.
Observations
We observed Haro 6-5B in 2 mm continuum emission using the NMA, which consists of six 10 m antennas, from 1999 December to 2000 February. Two array configurations, D and AB, were used; the ranges of the projected baseline length are (5 − 40) kλ and (25 − 160) kλ, respectively. SIS receivers operated in double sideband (DSB) mode and the digital spectral correlator UWBC (Ultra Wide Band Correlator) (Okumura et al. 2000) were employed. Visibility data of the continuum emission in both the lower (135 ± 0.512 GHz) and upper (147 ± 0.512 GHz) sidebands were obtained simultaneously with phase-switching technique. To obtain higher signal-to-noise ratio (S/N), the data of both sidebands were combined into a final image. Therefore the center frequency of our image is 141 GHz. The typical system noise temperature during the observations was 250 K in DSB mode. density of the disk is 36.7 ± 2.6 mJy.
Our millimeter image traces well the entire disk because of the optically thin emission.
Whereas, in the optically thick visible and NIR emission, the near side of the disk is seen as the dark lane and the far side as the reflection nebula (Krist et al. 1998; Padgett et al. 1999 ), as schematically shown in Figure 1b . The major axis of the disk (P.A. = 138 ± 7 • ) is almost parallel to both the dark lane (P.A. = 144 • , Krist et al. 1998 ) and the polarization vector (P.A. = 147 • , Gledhill et al. 1986) , and is perpendicular to the optical jet (P.A. = -6 -54
• , Mundt et al. 1987) . The relative positional error between the two images is considered to be less than 0. 5. This is mainly caused by the baseline error, the finite S/N , and the atmospheric fluctuations in our millimeter observations.
Estimation of the atmospheric seeing size
To estimate the seeing size during our observations, we made a CLEANed map of the 141 GHz continuum emission from the gain calibrator 0507+179. The beam-deconvolved size of the calibrator in the clean map is 0. 41 × 0. 37 at P.A. = 74
• . Since the angular size of the calibrator is considered to be much smaller than the NMA beam size (1. 33 × 1. 21), the spatial extent of the calibrator in the clean map is attributed to the phase fluctuation due to the atmospheric turbulence (i.e., the seeing size toward 0507+179). We consider the size of the radio seeing disk toward Haro 6-5B is also 0. 39 [ = (0. 41 × 0. 37) 1/2 ], though its angular distance from 0507+179 is about 15
• and the integration time of the calibrator (2 minutes) is shorter than that of Haro 6-5B (4 minutes).
To check the dependence of the seeing size on the direction and the integration time, a similar analysis of the bandpass calibrator 3C454.3 has been made. The seeing size toward this object with 2 minutes integration (0. 5) is comparable to that toward 0507+179 in spite of large angular separation (85 • ). Furthermore, the seeing size does not change even when we integrate the data in 4 minutes. These results suggest that the seeing size does not sensitively depend on the direction or the integration time. Therefore, the assumption that the seeing size toward Haro 6-5B is 0. 39 would be valid.
-7 -4. Discussion
Does an extended envelope exist around Haro 6-5B ?
It is accepted that the dissipation of the envelope progresses from the protostar stage to the early T Tauri stage. In the case of Haro 6-5B, almost all the dust emission is found to come from the compact disk, as discussed below, and the major part of the envelope around Haro 6-5B seems to have already disappeared. This suggests that Haro 6-5B is a transient object evolving from the protostar stage to the T Tauri stage.
In order to check the presence of the envelope around Haro 6-5B, we first made two maps; one made only from the D configuration data, and the other only from the AB configuration data. Then we measured the flux density of Haro 6-5B in each map. In the D configuration, the total flux density is 34.6 ± 2.6 mJy beam 
Physical properties of the disk around Haro 6-5B
The disk around Haro 6-5B is spatially resolved by the present observations, but the insufficient spatial resolution and finite S/N does not allow us to make the complete modeling of the disk (e.g., Mundy et al.1996) . We therefore estimate the radius and inclination angle of the disk based on the image prior to the model calculations in the following way: (1)
The inclination angle of the disk, θ, is derived from the beam-deconvolved size of the disk; θ = arccos((minor axis)/(major axis)). (2) The disk radius, R out , is determined from the equation of R out = (S/π cos θ) 1/2 , where S is the area of the disk image which reproduces the observed flux density of 36.7 ± 2.6 mJy. (3) We subtract the seeing fluctuation of 0. 39 from the disk assuming that both Haro 6-5B disk and seeing disk have Gaussian profiles.
The resultant radius (R out ) and inclination angle (θ) of the disk are 309 ± 18 AU and 67
± 5
• , respectively, which agree with those in the HST observations. These disk radius and inclination angle are fixed in the following analysis with the power-law disk model.
The remaining parameters of the disk are determined from model fitting to the SED -9 -obtained so far. In the disk model, the surface density and temperature distributions have the power-law forms of Σ (r ) = Σ 100 (r /100 AU) −p and T (r) = T 0 (r/1 AU) −q , respectively, over the radial range of R in ≤ r ≤ R out (e.g., Adams, Lada, & Shu 1988) . The flux density F ν emitted from a disk at a frequency ν can be expressed as
where d is the distance to the disk (140 pc), B ν (T (r)) is the Planck function with a temperature T (r), and τ ν (=κ ν × Σ ) is the optical depth due to the dust opacity. The dust opacity coefficient κ ν is assumed to have the relation of κ ν = 0.1(ν/10 12 Hz) β cm 2 g −1 (Beckwith et al. 1990 ). We assume the following parameters of the central star. The effective temperature and the stellar radius are 4000 K and 0.01 AU, respectively, which are typical in protostars. The visual extinction toward Haro 6-5B, A V , is known to be larger than 23 mag (Krist et al. 1998 observations (Osterloh & Beckwith 1995; Reipurth et al. 1993) showed that Haro 6-5B is a strong continuum source. Subsequently, the aperture synthesis observations of 2.7 mm continuum emission by Dutrey et al. (1996) detected strong emission toward Haro 6-5B
and no emission toward FS Tau A. (2) The recent high-resolution observations in visible -10 -and NIR (Krist et al.1998 , Padgett et al. 1999 ) actually revealed the disk as the dark lane in Haro 6-5B.
The model fitting to the SED is fairly good except the UV and visible wavelengths, as shown in Figure 2 . The best fit parameters are listed in Table 1 . In the most probable case of 100 % contribution of Haro 6-5B to the IRAS flux densities, the best fit parameters are as follows; M disk = 0.021M , Σ (r) = 1.1(r/100 AU) −1.4 g cm −2 , T (r) = 328(r/1 AU) −0.61 K, β = 1.05, and R in = 1.01 AU, with the outer radius 309 AU and the inclination angle 67
• .
The disk mass of 0.021 M is larger than the mass of ∼ 0.01 M derived from the HST observations by Krist et al. (1998) . Because of the optically thick disk in a visible or NIR wavelength, their disk mass seems to be a lower limit. On the other hand, the optically thin millimeter emission can trace well the mass distribution in the disk. Although Dutrey et al. (1996) tried to estimate the disk parameters from their millimeter observations, the disk radius and inclination angle could not be determined owing to an insufficient angular resolution. On the contrary, our higher resolution imaging makes it possible to derive the more reliable parameters of the disk. The disk mass agrees with that in the minimum mass nebula model (Hayashi, Nakazawa, & Nakagawa 1985) . The surface density at 100 AU, Σ 100 (= 0.4-7.0 g cm −2 ), is also consistent with the extrapolated value at 100 AU in the Hayashi model. However, we can not accurately determine the power law index p from the SED model fitting. In fact, the range of the index (1.1 < p < 1.9) allows both flat and steep distributions. The temperature at 1 AU, T 0 (= 328 K), is relatively hot compared with those of T Tauri stars by Beckwith et al. (1990) . This means that Haro 6-5B is still in a mass accretion phase. The index β is significantly smaller than the value of the interstellar medium (β ∼ 2), and is almost equal to the typical value of T Tauri stars (β ∼ 1). One of the probable interpretations of β ∼ 1 is the coagulation of dust particles in the circumstellar disk (Beckwith & Sargent 1991) . Since Haro 6-5B is a relatively evolved class I object and most of the envelope component have already been dissipated, the dust particles in the disk -11 -around Haro 6-5B might have already coagulated into millimeter sizes. The inner radius of 1 AU (R in ) seems to be considerably large. This would be mainly because our simple model does not take account of the self-shielding effect; emission at shorter wavelengths from the inner hot part of the disk is absorbed by the outer flaring cool part, as the stellar radiation is, for a large inclination angle (Masunaga & Inutsuka 2000) . The inner radius would be as small as the usual value of ∼ 0.01 AU in an elaborate model including the self-shielding effect.
Finally, we discuss how the disk parameters are influenced by the ambiguity of the IRAS flux densities. Decreasing the fraction of the MIR and FIR flux densities of Haro 6-5B from 100 % to 25 %, the disk temperature at 1 AU, T 0 , becomes cooler from 328 to 220 K, and as a result, the disk mass increases gradually from 0.021 to 0.037 M . The inner radius R in decreases from 1 to 0.6 AU, because the gap between the MIR and NIR fluxes decreases and the strong self-shielding effect is no more needed. The other parameters of Σ 100 , p, q, and β are almost constant for all the cases. We also consider the case that the fraction of Haro 6-5B in the IR fluxes is not constant. If the IR fraction changes from 25 % at 12 µm to 100 % at 100 µm, for example, the index q and the inner radius R in become 0.46 and 0.3 AU, respectively. In this case, the outer part of the disk becomes relatively hot, and the disk mass decreases to 0.018 M . On the contrary, if the fraction changes from 100 % at 12 µm to 25 % at 100 µm, q becomes larger (0.74), and the outer part of the disk becomes cooler. As a result, the disk mass increases to 0.046 M . To exclude these ambiguities, high resolution MIR and FIR observations are strongly required.
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